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BY METHANOL REFORMING AND 



(54) PRODUCTION OF HYDRO 
APPARATUS THEREFOR 
(11) 2-160601 (A) (43) 20.6.1990 (19) JP 

(91) Appi. No. 63-317215 (22) 15.12.1988 

(71) KAWASAKI HEAVY IND LTD (72) YUKIO KUBO(3) 
51) Int. Cl s . C01B3/32 



PURPOSE; To provide a compact process for the production of high-purity hydro- 
gen by steam-reforming of methanol in high thermal efficiency and to prevent 
the deposition of carbon in an evaporator by using a catalytic combustion 
system and separately feeding methanol and water. 

CONSTITUTION: High-purity hydrogen is produced by reforming methanol vapor 
with steam and purifying the produced hydrogen. The process is carried out 
as follows. Methanol and water are supplied to separate evaporators (methanol 
evaporator 15 and water evaporator 18). Combustion gas generated by the 
catalytic combustion 22 of off-gas 21 generated by the hydrogen purification 
7 is used for the evaporation of water 18, then for the reforming of methanol 
3 and finally for the evaporation of methanol 15. 
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3: reformer, 7: hydrogen refining apparatus, 13: methanol 
tank. 14: methanol pump, 16: water tank. 17: water pump, 
21: off-gas storage tank, 22: catalytic combustion apparatus, 
25: cooler. 26: steam separator. 27: auxiliary fuel pump, 
28: air blower, 33: water pre-heater, 34: methanol pre-heater, 
a: air. b: off-gas. c: high-purity hydrogen 



(54) REFORMING OF FUEL FOR FUEL CELL 

(11) 2-160602 (A) (43) 20.6.1990 (19) JP 

(21) AppL No. 63-317214 (22) 15.121988 

(71) KAWASAKI HEAVY IND LTD (72) YUKIO KUBO(3) 

(51) Int. CI 5 . C01B3/38,H01M8/06 



PURPOSE: To reduce the temperature of a combustion catalyst in the reforming 
of a fuel for a fuel cell by the steam-reforming of hydrocarbons and to solve 
the problem of heat-resistance of the combustion catalyst by combining the 
catalytic combustion of off-gas of fuel cell out of a reforming reaction tube 
and the partial oxidation of stock hydrocarbons in a reforming catalyst layer. 

CONSTITUTION: A reforming stock gas composed mainly of hydrocarbons is 
supplied to a reaction tube 2 of a fuel reformer 1 packed with a reforming 
catalyst 3 and is reformed with steam by heating the reforming catalyst layer 
3 from the outside of the reaction tube 2 to produce a hydrogen-rich reformed 
gas for fuel cell. The above steam-reforming process is added with the following 
steps. Oxygen or air is added to the reforming stock gas at the inlet of the 
reforming catalyst layer 3 to heat the reforming catalyst layer 3 from inside 
by the partial oxidation of the stock hydrocarbons and, at the same time, the 
low-calorific gas composed mainly of the off-gas of the fuel cell 4 is subjected 
to catalytic combustion in a combustion catalyst layer 5 outside of the reaction 
tube 2 to heat the reforming catalyst layer 3 from outside. 




a: hydrocarbon + steam + oxygen (or air), b: combustion 
gas, c: air for combustion, d: off-gas of fuel cell, e: reformed 
gas, f: electric power 



(54) REFORMING OF FUEL FOR FUEL CELL 
(11) 2-160603 (A) (43) 20.6.1990 (19) JP 

(21) Appl. No. 63-317213 (22) 15.12.1988 

(71) KAWASAKI HEAVY IND LTD (72) YUKIO KUBO(3) 
(51) Int. CI 5 . C01B3/40,B01J23/46,H01M8/06 



PURPOSE: To shorten the starting time of a reformer and prevent the occurrence 
of carbon-deposition reaction by supporting rhodium on a catalyst carrier 
consisting of a heat-resistant inorganic substance and using the rhodium as 
a catalyst for steam-reforming process combined with a partial oxidative exother- 
mic reaction. 

CONSTITUTION: A reforming stock gas composed mainly of hydrocarbon is 
supplied to a reaction tube 2 of a fuel reformer 1 packed with a reforming 
catalyst 3 and the reforming catalyst layer 3 is heated from the outside of 
the reaction tube 2 to effect the steam-reforming of the hydrocarbon and pro- 
duce a hydrogen-rich reformed gas for fuel cell. The above steam-reforming 
process has the following construction. Oxygen or air is added to the reforming 
stock gas at the inlet of the reforming catalyst layer 3 to heat the layer 3 
from inside by the partial oxidation of the stock hydrocarbon. The reforming 
catalyst 3 is produced by supporting rhodium on a porous catalyst carrier 
consisting of a heat-resistant inorganic substance composed mainly of zirconium 
oxide, magnesium oxide, silicon oxide, aluminum oxide, etc., or their mixture. 
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4: fuel cell, 5: combustor. a: hydrocarbon • 
oxygen (or air), b: combustion gas, c: air for 
d: off-gas of fuel cell, . e: reformed gas, f: 
for assisting combustion, g: electric power 



t- steam + 
combustion, 
natural gas 
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